of nonnecrotic cellular suicide. Although for most cells this is a constitutive process, it can be induced in immature and differentiating immune cell populations by stress mediators associated with inflammation. This inducible form of & is referred to as programmed cell death. However, it is not clear whether hematopoietic cell populations such as the thymus and bone marrow are induced to undergo & during polymicrobial sepsis. To assess this, thymocytes, bone marrow cells, or splenocytes (as a source of comparative nonhematopoietic cells) were harvested from C3H/HeN mice at 1 , 4, or 24 hours after cecal ligation and puncture (CLP; to induce polymicrobial sepsis) or sham-CLP (Sham). The results showed that mixed bone marrow cells ex vivo, although not to the same extent as thymus, showed a marked increase in the percentage of cells in %. increased endonuclease ac-ROGRAMMED CELL death (PCD) is a process by P which cells undergo a form of inducible nonnecrotic cellular suicide. As compared with necrotic cell death (typically produced by exposure to a variety of noxious agents), PCD by definition is dependent on the de novo synthesis of specific genes that initiate a cellular suicide program in response to stim~li.'.~ The induction of PCD in immune cells typically is evidenced by a pathologic process referred to as apoptosis (A,,). Apoptosis is typified by deformation of the cell membrane, cell shrinkage, and condensation of the nuclear chromatin.'.' For the majority of cells, & is a constitutive response, but A,, may also be induced in certain cells of the immune system, ie, immature or activated/differentiating mature lymphocytes. PCD was initially proposed as a mechanism whereby the immune system could delete (negatively select) autoreactive lymphocyte^,'-^ thereby protecting the host. However, it has now become apparent that this same process appears to contribute to the pathophysiology of diseases, such as human immunodeficiency virus (HIV), cancer, autoimmune disorders, and neurodegenerative In this regard, a number of laboratories have indicated that trauma injury and sepsis can induce marked suppression in both innate and acquired immune responsivene~s."~ One possible explanation for this immune cell hyporesponsiveness may lie in the inadvertent induction of A, in cells of the immune system that are exposed to polymicrobial challenge. However, few studies thus far have investigated whether there is any evidence of increased A, in the lymphoid tissue of septic animals or patients. Furthermore, it remains unknown whether PCD is a potential cause of immune cell dysfunction after sepsis.
AJPCD can be induced by a variety of stress mediators (ie, glucocorticoids, inflammatory cytokines such as tumor necrosis factor [TNF] , prostanoids, etc) in vitro that are also reported to be present during the inflammatory response to trauma and sep~is."~*'~~'' In th is respect, the thymus is thought to be a specialized site for T-cell maturation. Here, the T lymphocytes are either selected for their potential to recognize and react competently to foreign antigens or are negatively selected, due to their potential to react to autoantitivity, and a significant decrease in cell yield at 24 hours but not at 4 hours after CLP. Similar changes were not evident in splenocytes. Phenotypic, as well as morphologic assessment, indicated that most of the increase in apoptotic cells in the thymus was associated with the immature T cells (CD4+CD8') and CD8-CD4-cells. In contrast, the increase in bone marrow cell & was associated with only the 8220' cells, with no significant contribution from myeloid cells. Treatment of CLP mice in vivo with either RU-38486 or PEGIrsTNF-RV2 was unable to reverse the increased & in the bone marrow of these animals. Taken together, these findings indicate that & as a process induced by polymicrobial sepsis is not limited to the thymus, but can also be detected in the bone marrow. However, unlike thymic A, , , bone marrow is not affected directly/indirectly by glucocorticoids or tumor necrosis factor released during sepsis.
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T cells with this latter capacity are thought to be negatively selected through a process of AJPCD.'5.'6 On the other hand, the bone marrow is an important site not only for B-cell lymphopoiesis," but also for myelopoiesis.'8 Here, many of the mediators associated with sepsis appear to have some capacity to accelerate PCD in immature B cells of the bone marrow when administered in vitro or in V~V O . ' -~* '~. '~ Less is known with respect to changes in bone marrow myelocyte & either in vivo or in vitro. In this respect, we have recently presented evidence that & is accelerated in the thymus after the onset of sepsis.*' However, there is no information concerning such changes in other lymphopoietic tissues such as bone marrow. The objective of our study was therefore to assess bone marrow-derived cells as opposed to other lymphopoietic tissues, such as the thymus or mature immune cells from the spleen, for evidence of enhanced A, after the onset of polymicrobial sepsis.
injection of either 500 pg RU-38486/mouse (CLPMU-38486),% 250 pg PEG-(rsTNF-Rl),/mouse [CLP/PEG-(~STNF-R~)~]?~ or the appropriate vehicle control for each agent immediately after CLP. It has been previously shown that blood cultures taken from mice or rats are positive for both gram-negative (eg, Bacteroides fragilis, Escherichia coli, Klebsiella, and proteus mirabilis) and gram-positive (eg, Streptococcus bovis) as little as 1 hour after CLP?z.z6 illustrating the polymicrobial nature of this septic model. Furthermore, this model of sepsis also produces low levels of circulating endotoxin (range, 0.07 to 5 ng/mL serum) that steadily increase over the first 24 h o~r s .~~~~~~~~ Mice were killed at 1,4, or 24 hours after CLP or Sham operation by ether overdose. Bone marrow cells were isolated according to the methods of Mishell and Shiigi?9 In brief, after excision and debridement of both femurs and tibias, the bone marrow was flushed out with Hank's balanced salt solution without Ca"/ Mg+* (HBSS-; GIBCO-BRL, Grand Island, NY) with a 25-gauge needle and syringe into a 60-mm petri dish. The bone marrow core was then disrupted to produce a single-cell suspension by repeated passage through a 25-gauge needle. After pelleting by centrifugation (5 minutes at W g ) , the erythrocytes were hypotonically lysed and viability was determined by trypan blue exclusion. The cells were washed twice more in HBSS-before the assessment of either cellular DNA staining or DNA fragmentation.
The thymus was excised from mice killed by either at 1, 4, and 24 hours after CLP or Sham-CLP and then placed into petri dishes containing 5 mL of phosphate-buffered saline (PBS). Thymi were gently glass ground and cells were washed once with PBS and centrifuged at 400g for 10 to 15 minutes at room temperature. The pellet was then disrupted and resuspended in HBSS-before cell staining or DNA extraction.
Splenocytes were isolated from the spleen of these animals according to the methods previously described by Ayala et After hypotonic lysis of the residual erythrocytes, splenocytes were washed twice more and suspended in HBSS-before cell cycle analysis or DNA extraction.
Total viable cell yield. Total viable cell yield was determined by trypan blue exclusion. Cell counts were then adjusted to 3 X lo6/ mL using HBSS-; 1 mL was then placed into 1.5-mL microfuge tubes for propidium iodine (PI) staining or DNA extractions.
Detection of the percentage of apoptotic (A,+) cells in mixed ex vivo cell populations by the use of the DNA binding agent PI was performed according
Cell isolation.
Cell staining andjow cytometric analysis. [3] double-positive and [4] double-negative cells) were established based on the fluorescent emission of the nonspecific FITCPE isotypic antibody controls using two-color fluorescent cytograms. Histograms of the regionalized cells were then produced of cell number versus DAPI stain intensity (DAPI fluorescent emission) from which the percentage of cells residing in various stages of the cell cycle could be determined. For consistence, regions established during a given experiment on a particular tissue (eg, thymus), using the aforementioned controls, were maintained for all animal samples (ie, Sham, CLP, and CLP-treated mice) assessed on that day.
Qualitative analysis of intemucleosomal DNA fragmentation by gel electrophoresis. Thymocyte, splenocyte, and bone marrow cell genomic DNA were extracted as described by Sarih et al. 33 In brief, 3 X lo6 cells were washed once in HBSS-by centrifugation (1, OOOg for 5 minutes at 4°C). The pellet was disrupted and resuspended in 0.5 mL lysing buffer (20 mmoVL Tris-HC1, pH 7.4, 10 mmoVL EDTA, 0.2% Triton X-100) for 10 minutes at room temperature. Cell debris was removed by centrifugation, and the supematant was transferred into a new tube containing 50 p L of Proteinase K (100 pg/mL; Sigma) and then incubated overnight at 50°C. The DNA was chlorofondphenol extracted and precipitated using isopropanol (ovemight at -20°C). The tubes were then centrifuged (14,OOOg for 10 minutes at 4"C), the supematant was discarded, and the pellet was dried in a model SCl10A SpeedVac Plus (Savant Institute Inc, Farmingdale, NY) to 0.2 TORR and stored at -20°C until needed for analysis.
Extracted DNA was dissolved in 25 pL of Tris-EDTA buffer containing RNase A (1 pg/mL) and incubated at 37°C for 1 hour. Five microliters of 6 x TBE sample buffer (6.0 mL TBE running buffer [5X], 3.2 mL glycerol, 0.3 mL 1% bromophenol blue, 0.3 mL 1% xylene cyanol, and distilled H20 to 10 mL) was added to each sample and heated at 65°C for 10 minutes. The DNA from each sample (15 @well) was separated on a precast TBE 4% to 20% continuous gradient polyacrylamide gel electrophoresis (PAGE) gel (1 mm X 75 mm X 80 mm; Novex Science, San Diego, CA). A X-DNA HindIII molecular weight marker (Sigma) was used to assess the size (in basepairs [bp]) of DNA fragments. Electrophoresis was performed at 90 to 100 V for -90 minutes in 1X TBE running buffer. Gels were stained with ethidium bromide (5 pg/mL for -30 minutes), rinsed with H,O, and destained ovemight. DNA fragmentation was visualized under UV light and photographed with Polaroid type 667 film (Polaroid Corp, Cambridge, MA).
Light and electron microscopic examination. For histologic examination, the thymus was excised and fixed immediately by submersion in 4% buffered glutaraldehyde. Intact bone marrow core samples were flushed out of the femur by rapid injection of 4% buffered glutaraldehyde with a 25-gauge needle and syringe into a vial of buffered glutaraldehyde. After 1 to 3 hours of fixation, the buffered glutaraldehyde was drawn off and the tissues were rinsed with 0.1 m o m phosphate buffer. The specimens were postfixed with osmium tetroxide for 1 hour, rinsed in phosphate buffer, and stained in bloc with 2% uranyl acetate. Samples were then dehydrated through a graded ethanol series followed by propylene oxide. The tissue was then infiltrated overnight in a 1:l mixture of propylene oxide and (Polybed-Araldite) epoxy resin. The following day, samples were infiltrated for 8 more hours in Polybed-Araldite resin, after which they were embedded in fresh resin. Tissue blocks were polymerized for 2 days at -74°C and then 1-pm sections were prepared using an LKB Ultrotome (LKB-Phmacia Biotech, Piscataway, NJ) and stained with 1% toluidine blue for examination by light microscopy. Areas selected for ultramicrotomy were sectioned at 70 to 90 nm with diamond knives and placed on 300-mesh copper grids. Sections were stained with uranyl acetate for 1 hour and lead citrate for 2 to 3 minutes. All sections were examined at 60 kV on a Philips Model 301 transmission electron microscope (Philips Electronics Inc, Mahwah, NJ).
The data are presented as mean 5 SE of the mean for each group. Differences for total viable cell yields were considered to be significant if P < .05.
Analysis of variance (ANOVA) and a Tukey's test were applied for multiple comparison. Differences in percentile data (ie, percentage of &+) were considered to be significant if P < .05, as determined by using the Mann-Whittney U-test.
Presentation of data and statistical analysis.
RESULTS
Polymicrobial sepsis induces a diflerential increase in the frequency of programed cell death in bone marrow cells as opposed to thymocytes or splenocytes. Figure 1A through C shows that it was not until 24 hours after the onset of sepsis (CLP) that a marked decline was detectable in the total viable bone marrow cell or thymocyte yields. However, no such changes were evident in viable splenocyte cell yield at any of the time points assessed.
The results of one-color cell cycle analysis determinations on a number of mice shown in Fig 2A through C indicate that bone marrow cells did not exhibit a marked increase in the frequency of cells that were apoptotic until 24 hours post-CLP. Thymocytes, on the other hand, exhibited a marked increase in the percentage of cells that were apoptotic as little as 4 hours post-CLP. Furthermore, the overall increase was up to 7 to 10 times greater in thymocytes as compared with that observed in bone marrow cells taken from septic mice. Splenocytes exhibited no marked change in the number of cells that were apoptotic at any of the time points assessed.
Comparable findings were seen when cells taken from these three populations were assessed for evidence of genomic DNA fragmentation (laddering) to that observed with cell cycle analysis (Fig 3) . Here again, whereas genomic DNA fragmentation was evident in thymocytes at both 4 and 24 hours after the onset of sepsis, DNA fragmentation in the samples taken from cells of septic mouse bone marrow was not detected until 24 hours post-CLP. No evidence of any of the DNA samples harvested from any of the Sham animals or in septic mouse splenocyte samples was seen at any time point.
To determine whether the changes seen in the ex vivo isolated cells represented in vivo changes in the tissue, we also examined the thymus and bone marrow for histologic changes both on a light and electron microscopic level. In an attempt to delineate the population in the bone marrow and thymus that was undergoing enhanced apoptosis, cells were stained with a combination of fluorescently labeled antibodies and the DNA dye DAPI (see the Materials and Methods). 0--cellular morphology (Fig 4B) . With respect to the septic mouse thymus, the majority of the apoptotic cells appear to be localized in the cortex of the thymus. On closer inspection, karyorrhectic/apoptotic cells were readily identified by electron microscopy (Fig 4C v D) . Light microscopy of the septic mouse bone marrow showed what appeared to be an increase in erythroid precursor cells (Fig 5A v B) . However, this was not quantitated. In contrast, the micrographs in Fig 5B and D -125 generated from the R1 region in Fig 6A and B are shown.
Using the Sham, the histogram was divided into three subregions (Ml, apoptotic [A,+] cell cycle region; M2, GdG, cell cycle region; and M3, S/G2/M cell cycle region, respectively). These regions remained consistent for all samples analyzed in a given experiment. With respect to the Sham, it can be seen that thymocytes extracted from a septic mouse at 24 hours exhibited a population of cells tailing off towards the lower left-hand comer with lower DNA content from the GJG, peak (Fig 6A and B) . This is reflected by the increased percentage of apoptotic cells detected in the M1 region of the histogram (Fig 6C and D) . A marked shift in the phenotypic makeup of the thymus was also typically observed in septic animal cells at 24 hours (Fig 6E and F) . The majority of this change appears to be due to an inverse shift in the percentage of cells that are CD4TD8' to CD4-CD8-. However, the proportion of cells that were CD4TD8-also typically increased. Cell cycle histograms of DNA content produced from each of these gated phenotypic populations illustrate that the majority of the increase in apoptotic cells was com-
monly present in the double-negative stained cell population and the double-positive stained cells (Fig 6G and H) .
The presence of a small but detectable tail of apoptotic cells was typically observed in the contour plot of DAPI fluorescence versus cell width, as is evident in the sample of the septic mouse bone marrow (Fig 7A and B) . The cell cycle histogram of the septic mouse bone marrow exhibited a small but consistent increase in the percentage of cells that were in the apoptotic region (Fig 7C and D) . Phenotypically, marked changes were usually seen in which the percentage of positive cells for the myeloid cell marker Grl'B220- declined, whereas the percentage of other cell types increased (Fig 7E and F) . With respect to the increase in bone marrow A,+ cells, this appeared to be primarily restricted to the B220'Grl-cell population (Fig 7G and H) .
Repeated three-color flow cytometric analysis showed that marked changes in the phenotypic expression were consistently observed in both samples harvested from septic mouse bone marrow and thymus at 24 hours, relative to cells from the spleen of these animals (see Figs 8A, 9A, and IOA).
With respect to bone marrow, there was a marked decrease in the percentage of cells that were B220-Grl', whereas the percentage of cells that were either B220'GrI-or B220'Grl' was markedly increased (Fig 8A) 24 hours after the onset of sepsis. Similarly, thymocytes from septic mice exhibited marked changes in phenotypic expression. Whereas the frequency of CD4TD8' cells decreased, the percentage of all other phenotypes markedly increased (Fig  9A) . Cells taken from the spleen showed no changes in the percentage of cells expressing the T-cell markers CD4'CD8-, CD4-CD8', CD4'CD8', or CD4-CD8- (Fig  10A) . Furthermore, the assessment of Ig' cells indicates that 50% to 70% of these cells were positive for this B-cell surface marker irrespective of whether these were from sham or CLP mice (24 hours). However, here again no significant increase was seen in the percentage of these cells that were A,,+ (Sham 0.9% If: 0.1% 17 CLP 1.6% 2 1.0%).
Of the bone m'arrow cells taken from septic animals, only those expressing the phenotype B220'Grl-exhibited a marked increase in the percentage of cells that were A,+ (Fig 8B) . However. within the thymus, significant elevation in the percentage of cells undergoing A, was seen in both the CD4TD8' and CD4-CD8-cells (Fig 9B) . Here again. no significant changes were detected in the splenocyte subpopulations. Glucocorticoids and TNF are not responsible for the increased rate of programmed cell death in bone marrow cells seen after the mset of polymicrobial sepsis. Previous studies reported from our laboratory indicate that the steroid receptor antagonist RU-38486. but not PEG-(rsTNF-RI)?, inhibits sepsis induced A, in thymocytes" and, as others have reported, glucocorticoids can augment maturing B-cell A, both in vitro and in vivo. Therefore, we attempted to assess whether the increased A, observed after the onset of polymicrobial sepsis was induced by corticoids or the proinflammatory cytokine TNF. 
DISCUSSION
The frequency of A, can be increased or decreased in both immature and differentiating immune cells in vitro by a variety of stimuli/agents released during an inflammatory response. However, little or no information is available concerning whether polymicrobial sepsis and the associated inflammatory response induces enhanced A, in vivo.
For personal use only. on September 24, 2017. by guest www.bloodjournal.org From .. .
With respect to stress associated with certain chronic disease states, one frequent observation made is that there is a marked involution (ie, decrease in mass and loss of cellularity) of the thy mu^.'^." Whereas thymic weights were not measured in our study, a significant decrease in total viable cell yield was evident in septic mouse thymocytes. Interestingly, during the first 24 hours of sepsis, a decrease in viable cell yield was also seen in the bone marrow cells from these same animals. However, no such changes were apparent in the spleen, which is primarily composed of mature lymphoid cells.
The results of our study also indicate that there is indeed evidence of increased A, in both the mixed ex vivo thymocytes and bone marrow cells, but not in the splenocytes. This finding is in keeping with the observation that mature lymphocytes, of which the spleen is primarily composed, do not typically exhibit significant evidence of A,, unless they have been stimulated.'.' Whether activation-induced A, is present in these lymphoid tissue examined remains to be determined. However, the data from these mixed ex vivo cell assessments indicate that marked differences in the onset of A, and the extent of A, are evident in bone marrow when compared with the thymus. The thymocytes exhibited a detectable increase in A,+ staining cells and DNA fragmentation as little as 4 hours after the onset of sepsis. Similarly, the percentage of cells that were A,+ at 24 hours is markedly higher in the thymus than in bone marrow.
We initially speculated that the onset and frequency of A, observed might be a function of the different phenotypic makeup of these two hematopoietic compartments.".lJ,Z.(.?h In this respect, bone marrow is an important site of both B-cell lymphopoiesis and myelopoiesis, whereas it is only minimally involved in T-cell mat~ration.".'~.'~ On the other hand, the thymus is almost solely directed towards T-cell with a concomitant increase in double-negative cells ent in the thymus after sham operation exhibit either mono-(CD4-CD8-). These two populations also appear to be the specific T cells phenotypic markers for either CD4' or CD8' primary sites of increased A,. Furthermore, histologic assessor double-positive (CD4TD8') markers, typical of immament of the thymi from septic mice indicated that the major- Indirect evidence for the movement of cells out of the bone marrow into the blood and then into the peritoneum comes from previous studies in which we assessed changes in peritoneal exudate cell yield after CLP.23,27 Such studies indicated that there is a significant increase in phagocytic cell yields 24 hours after the onset of sepsis. This increase may be in part be attributable to an influx of myeloid cells, such as neutrophils, and of monocytes/macrophages into the peritoneal cavity in response to inflammation associated with CLP.23.27 However, this remains to be determined because phenotypic analysis was not performed in those studies. Preliminary results examining circulating peripheral blood cell phenotypes indicates that the percentage of cells that are Grl' increases from 44.1% 2 6.0% at 4 hours to 68.2% ? 6.5% by 24 hours post-CLP. Here again, it is tempting to speculate that an increase in the percentage of circulating myelocytes is related to recruitment from the bone marrow. Another piece of evidence that would support the loss of myeloid cells to recruitment, as opposed to increased A,, within the bone marrow, is the observation that the phenotypic source of increased levels of A, seen in the bone marrow appears to be due solely to the presence of elevated A, in the B-cell (B220+Grl-) population. Although there were increases in the portion of cells that were B220CGrl+, B220-Grl-and B220+Grl-, only B220'Grl-cells showed a marked increase in the number of cells that were A,,+. Interestingly, we did encounter a relatively high percentage of cells that stained B220+Grl+. A portion of this might be due to our attempt to use quadranting to provide some consistency between cell samples from various animals in a given experiment (this is apparent in Fig 7E) . However, it is also evident that weakly staining B220+GrlC population, which differs markedly from the B220-Grl+ or the B220+Grl-populations encountered in the Sham animal, are present in the CLP rodent cells (Fig 7F) . We do not believe that this is due to a lack of Grl antibody specificity, because this antibody is not reported to interact significantly with normal mouse bone marrow B cells.38 One might speculate that this population could represent a common hematopoietic stem cell progenitor, the frequency of which is increased after sepsis. However, this remains to be determined. Nonetheless, the extent of this increase in B220+Grl-cells is in keeping with the findings of Garvy et aP9 and Voetberg et al,40 who reported that the subcutaneous implantation of pellets containing either prednisolone or corticosterone induces an increase from -1% to 4% A,+ B220+ cells.
The findings of Gamy et a13' and Voetberg et alm also suggest that steroids may serve as one potential mediator that might contribute to the increase in B-cell &. It is also well documented that in vitro exposure of thymocytes and differentiating T cells to glucocorticoids induces PCD.2.*5 Furthermore, increased levels of this agent can be detected after bum'' or after the administration of endotoxin or E coli in a11imals.4'~~~ However, in vitro studies have also recently indicated that lymphocytes of the B-and T-cell lineage, as well as thymocytes, can be induced into PCD by exposure to TNF. 4346 The initiation of this process is thought to be through the type I (p55) TNF receptor. This receptor is a member of the nerve growth factor receptor/FAS/ApO-1 antigen family that appears to be intimately involved in the process of pCD.""6"0 Furthermore, Zhang et al" indicated that in vivo exposure of mice to 50 pg of lipopolysaccharide in the presence of 50 pg of a rat MoAb to mouse TNF-CY blocked the induction of thymic PCD induced by lipopolysaccharide alone. In this respect, we have previously shown that, after CLP in the mouse or the rat, there is a marked increase in the systemic levels of TNF in b l o~d~~.~' and that this occurs in both endotoxin-sensitive and endotoxin-insensitive strains of mice. Regarding the nature of the mediator of elevated A, in the thymus, we have recently reported that in vivo administration of the glucocorticoid receptor antagonist and not the TNF inhibitor, PEG-(rsTNF-Rl)*, immediately after septic insult (CLP) protects mice from in- .05) at 24 hours, but it also inhibited the increase in the frequency of A,+ cells (CLP/RU-38486 1.4% 5 0.1% v CLP 29.8% t 4.1%*, n = 4/group, *P < .OS) and also suppressed the fragmentation of septic thymocyte genomic DNA." Because glucocorticoids and TNF have been implicated as mediators of B-cell A:9,40.434 and our prior data indicate that thymic A, was inhibited by steroid receptor antagonism,*' we hypothesized that these agents might be involved in sepsis-induced bone marrow A,. However, the present study indicates that neither of these inhibitors exhibited a capacity to protect bone marrow cells from the onset of accelerated &. These findings suggest that neither steroids or TNF or their indirect byproducts appear to be involved in the enhancement of bone marrow A,. Alternatively, mediators such as PGE2;' TGF-,B,S3 IL-10,3' etc, which have been detected in septic animals have also been shown to increase lymphocyte A, , in ~itro.'~.'~ Although we can speculate that one or more of these agents might play a role in inducing increased A, in the septic mouse bone marrow lymphocytes examined here, this remains to be determined.
In summary, these findings indicate that & as a process induced by polymicrobial sepsis is not limited to the thymus, but can also be detected in the bone marrow. However, the magnitude of this change (which is 7 to 10 times less than that of the thymus), its morphologic alteration, and its onset (delayed to 24 hours) differ significantly from that of the thymus. Furthermore, unlike thymic A,, bone marrow is not affected directly/indirectly by glucocorticoids or TNF released during sepsis. The presence of enhanced A, in hematopoietic tissues such as the bone marrow and thymus may at first glance appear to be contributing directly and/or indirectly to the development of host immunosuppression after sepsis through the loss of maturing T and/or B cells. Altematively, it may represent an attempt by the host immune system to eliminate potential autoreactive T and B cells that might be induced during systemic inflammatory response to significant trauma or septic insult and could be of potential harm to the anima1.s7,s8 These questions, as well as others conceming the impact of A, on immunoresponsiveness during sepsis, remain of active interest for future study. 
